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Summary

There is widespread concern regarding risk to hearing health due to the increasingly common
worldwide use of personal audio systems (PAS) (e.g., iPods, tablets, smartphones) and other
recreational music listening behaviors. The World Health Organization (WHO) estimates that 1.1
billion young people worldwide may be at risk for hearing loss due to unsafe listening habits. On
October 2, 2015, the WHO invited stakeholders, including PAS manufacturers, earphone
manufacturers, hearing experts, and others to Geneva, Switzerland, to develop standards for
the WHO'’s “Make Listening Safe Initiative”; this meeting was followed by a strategic planning
meeting on March 6-7, 2017 (see http://www.who.int/pbd/deafness/mls_consultation/en/).

This NHCA position statement briefly reviews the literature and summarizes NHCA’s
recommendations for safe listening in recreational music environments to prevent music-
induced hearing disorders (MIHDs). Specific recreational music environments are reviewed,
along with suggestions for preventing MIHDs in each setting. This position statement is focused
on the consumer of music in a recreational setting, and thus intentionally does not include
recommendations for music performance settings (e.g., occupational, hobby, or music
education)

Music as a Risk to Hearing Health

It is clear that noise overexposure can damage the human auditory system and cause hearing
loss (for review see Ward et al., 2003), although much of our understanding of noise-induced
pathology comes from studies using animal models (see, for example, Wang et al., 2002).
Several studies suggest that recreational music exposure can also damage hearing, with damage
typically first appearing in and around 4 kHz. Additional recent research suggests the earliest
signs of hearing loss may actually first appear at high frequencies beyond the range that is
commonly tested across clinical settings, but these frequencies are outside the range necessary
for speech understanding and thus changes may be an “early warning” rather than a clinically
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significant deficit (for review, see Le Prell et al., 2013). Although a detailed review by Carter et
al. (2014) raises doubt about the extent to which leisure-noise in adolescents is widespread or
increasing in prevalence, it is clear that a subset of adolescents and young adults experience
noise overexposure resulting in permanent hearing loss or other auditory symptoms such as
“ringing” in one’s ears (“tinnitus”) (for discussion see Portnuff, 2016). Regardless of increasing or
decreasing hearing loss prevalence over time, an examination of the nationally representative
NHANES 2011-2012 data shows audiometric notches suggestive of noise-induced (though not
necessarily music-induced) hearing loss for 24% of the US population (Carroll et al., 2017). NHCA
is in agreement with the U.S. Centers for Disease Control in recommending that all possible
steps be taken to prevent hearing disorders from exposure to loud sound (Carroll et al., 2017).

Since music has been identified as a potential cause of hearing disorders in music performers
(e.g., professional musicians, music students), as well as recreational music consumers, such as
PAS users, concert attendees, and dance club patrons (Bhagat & Davis, 2008; Emmerich et al.,
2008; LePage & Murray, 1998; Meecham & Hume, 2001; Mercier et al., 2003; Phillips et al.,
2010; Royster et al., 1991). As a result, many researchers have concluded that there is a
measureable risk of hearing disorders from recreational music exposure (Zhao et al., 2010).

Given the evidence, it is clear that there are subsets of music consumers who are at risk for
MIHD - a 100% preventable disorder. For this reason, education on safe listening behavior is
critical. While some municipalities set standards for community noise exposures (consisting of
vehicle traffic noise, aircraft noise, industrial noise, etc.), there are rarely regulations in place to
protect individuals exposed to music, and thus consumers must choose their own safe listening
behaviors.

Imposing regulatory standards for recreational music exposure is challenging in several ways.
Seemingly, the most obvious solution would be to adopt the occupational noise damage-risk
criteria for music exposure. However, most evidence relating human hearing loss to noise
exposure is based on retrospective epidemiological studies of workers exposed to occupational
noise (Carter et al., 2014). There are fewer evaluations of loud music as a potentially traumatic
stimulus (see for example Johnson et al., 1985; Schmidt et al., 2014; Halevi-Katz et al., 2015;
Szibor et al., 2017). In general, these studies include relatively fewer participants and thus lack
the statistical strength of the long-term epidemiological studies in the occupation sector. A
small number of studies assessing temporary effects of music and noise on hearing provide
limited evidence suggesting that the effects of music overexposure on hearing are somewhat
less severe than those of occupational noise (Lindgren & Axelsson, 1983; Strasser, et al., 2008);
however, more controlled data collection in animal models is necessary to confirm this
preliminary observation. In theory, if this observation was found to be true, then occupational
guidelines may be overly protective if applied to recreational music exposure.

Another factor to consider with respect to music exposures is that recreational music listening
patterns differ from occupational exposure patterns. Typically, recreational music exposure is
not as regular, frequent, or continuous as occupational noise. However, recreational noise has
the potential to yield significantly more exposure than that of an average workday given the
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potentially high listening levels that can be selected. Indeed, music exposure at a single
recreational event can significantly exceed the exposure limits permitted for occupational
exposure during a single work day (World Health Organization, 2017). Recently, Grinn et al.
(2017) documented acute, recreational music exposure with accrued noise doses averaging
476% at bars with live music and 875% for concert attendees, using the damage-risk criterion
promulgated by the U.S. National Institute for Occupational Safety and Health (NIOSH, 1998).

The NIOSH criteria includes a recommended exposure limit (i.e., 100% daily noise dose) of

85 dBA over an 8-hour period, with a 3-decibel exchange rate. This guideline is consistent with
maximum occupational exposure limits of many industrialized countries, but is more
conservative than the occupational limits in the United States (OSHA, 1983). Other damage-risk
criteria, such as those in the European Union, are even more conservative than the NIOSH
guidelines (EU, 2003). NHCA is in agreement with the WHO - the use of occupational damage
risk criteria is appropriate for music damage risk criteria at the present time, although additional
exploration of the dose-response relationship between music exposure and hearing loss is
needed. NHCA recommends consideration of a conservative damage-risk criteria in the
development of standards or regulations for recreational music exposure.

Specific Risk of Personal Audio Systems (PAS)

PAS devices are capable of producing high-level sound that can increase the user’s risk for
MIHDs, such as hearing loss and tinnitus (Jiang et al., 2016). Data on PAS usage patterns suggest
that 16-25% of PAS users may be at increased risk for MIHD from daily use (i.e. >100% daily
noise dose) (Portnuff, 2016; Portnuff et al., 2013; Williams, 2009).

As with any noise exposure, risk for MIHDs is based on both sound level and exposure duration,
as these parameters define a user’s overall "noise dose." If an earphone were to be considered
truly “safe” for all listening durations, it would require an output sound level limit of 70-75 dB of
A-weighted sound pressure (dBA) (as per the 1978 EPA 550/9-79-100 guidance document,
limiting 8-hr exposures to 75 dBA and 24-hr exposures to 70 dBA). Such an earphone would
actually be unusable in many listening environments due to overpowering background noise;
even if audible, it might undergo amplitude compression to the point of poor sound quality.
Thus, safety and sound quality require a balance between the design of the PAS and
responsibility of the user. One rule-of-thumb is the "80/90 Rule": users can listen at 80% of the
PAS’s maximum volume for 90 minutes per day, which results in approximately one-half of the
safe daily noise dose!, when using earbud earphones (Fligor, 2009). While the 80/90 Rule is a
reasonable public health message, it is specific to earbud earphones and does not apply to all
types of earphones. Safe-listening durations (50% dose accrual) for isolator noise-attenuating
earphones are approximately half the duration of earbuds, given the same volume setting on
the PAS (see Portnuff et al., 2011). Earphones with higher sensitivity may output overall higher
sound levels, thus requiring an even more conservative limit on playback sound level and/or

1 A music dose of 50% is recommended to allow both for a margin of safety, and the understanding that
during any given day there will likely be exposure to other sounds that may comprise the other 50% of the
permitted exposure.
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duration of use to prevent MIHDs. High sensitivity earphones, some of which are marketed to
disc jockeys (DJs), should be used with caution.

With respect to safer listening choices, some earphones advertise an 85 dBA output sound level
limit in the ear canal. Use of such earphones could extend the safe listening duration for a PAS
user. Given the lack of regulations for such labeling claims, some caution is warranted regarding
claims of advertised sound levels. Regardless of volume limits, if temporary changes in hearing,
a feeling of “fullness” in ones ears, or tinnitus are experienced after music player use, sound
levels and listening durations should be decreased to reduce the risk of permanent damage.
Some users may find volume limits to be unacceptable for their preferred listening levels; this
should serve as a warning that the PAS user’s listening levels may put them at risk for MIHD,
depending on the duration and frequency of use. Of note, individuals that listen to music via
earphones during the entire work day may be at increased risk for MIHD relative to those with
shorter listening durations, and are especially encouraged to consider volume limited earphones
to prevent over-exposure.

A PAS user’s chosen listening level is based, in part, on the signal-to-noise ratio of the music
compared to the background noise; PAS users invariably choose higher output levels in noisier
environments than in quieter environments in controlled laboratory studies (Portnuff et al.,
2011), and in real-world settings (Epstein et al., 2010; Park et al., 2017). Thus, earphones
designed to reduce background noise may result in reduced chosen listening levels and overall
sound exposure levels. There are multiple types of earphones designed to reduce background
noise, including passive (non-electronic) attenuation and active (electronic) attenuation. Such
technology is available in devices with both custom-fit and non-custom earpieces. It is unknown
if there is any difference in chosen listening levels for earphones with active noise cancellation
versus earphones with passive noise isolation, or between those with custom-fit earpieces
versus non-custom earpieces.

A common piece of advice is that “If someone else can hear your music from your earphones,
the level is too high.” This advice is as common as it is inaccurate, given its overly conservative
nature (Weiner et al., 2009). As explained by Fligor (2010), music is frequently detectable to an
“observer” when the headphone user sets the music to 85 dBA or higher (correct identification
of “risky” sound levels), but the music from the headphones is also detectable most of the time
when the music is set at levels less than 85 dBA; i.e., even when it was not considered to be a
potentially risky sound level. A second problem is that this advice cannot be applied when the
music listener is using noise-attenuating earphones; the earpiece that seals the ear canal to
prevent environmental sound from leaking in simultaneously prevents sound from leaking out.

A second common piece of advice is that “If you can’t hear someone speaking to you while
listening to music from your earphones, the level is too high.” When listeners are playing their
music so loudly that someone at arm’s length has to shout to be understood, the levels are likely
to be 85 dBA or greater and extended listening durations may be hazardous. However, if the
PAS user is using noise-blocking earphones, these will attenuate speech as well as background
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noise, and reduce the utility of this advice as well. Listeners are advised to monitor their own
music exposure (using the 80/90 rule for example) and to choose earphones that provide some
background noise attenuation. If temporary changes in hearing, a feeling of “fullness” in ones
ears, or tinnitus are experienced after music player use, sound levels and listening durations
should be decreased to reduce the risk of permanent damage.

Specific Risk in Amplified Music Environments: Concerts, Dance Clubs, and Fitness Facilities

Sound levels at modern rock concerts are typically 100 — 105 dBA (Berger et al., 2016; Fligor &
Wartinger, 2011) and can reach levels of 120 dBA; these levels increase the risk of MIHDs (World
Health Organization, 2015; Zhao et al., 2010). Even orchestras and small acoustic groups are
capable of reaching high sound levels, although they are likely to do so for briefer periods of
time. Amplified music poses a greater risk to hearing, as sound levels can remain high for the
entire duration of the event such as in dance clubs where levels range from 90-120 dBA (Clark,
1991). Attendees should therefore take precautions such as HPD use, increased distance from
sound sources, and quiet breaks to reduce their overall sound exposure.

Fitness facilities also play loud music as an integral part of exercise classes, often accompanied
the fitness instructor’s amplified voice. Sound levels in these settings have been recorded from
95 - 100 dBA (World Health Organization, 2015), which may result in overexposure in less than
one hour. Participants in exercise classes may be at high risk for MIHDs if they regularly attend
these classes. Reports of high sound levels specifically at “spin” classes are also beginning to
emerge (see for example, Sinha et al., 2017); some facilities have begun to provide disposable
earplugs for attendees.

Prevention of MIHDs

Individuals exposed to high sound levels of recreational music can often reduce their risk by
reducing the music levels, increasing distance from the music source, and using hearing
protection devices (HPDs). Individuals can use commercially available sound level meters or
smartphone apps to measure and monitor their noise exposure (see discussion below) as an aid
for informed decision making about safe exposure duration. PAS users should monitor device
sound levels and reduce their chosen listening level and/or listening time to prevent MIHL. In
high-level music environments, listeners should use HPDs to reduce their overall exposure.

Sound Level Monitoring with Smartphone Apps

While professional sound level meters (SLM) provide the most accurate measurements, most
individuals do not have access to this type of equipment. There is ongoing research assessing
whether SLM smartphone apps are accurate enough to be useful in guiding safe listening
decisions for attendees of loud, recreational events.

Some investigators have reported smartphone apps to be accurate when compared to a Type Il
sound level meter (Ibekwe et al., 2016). However, both early investigations (Kardous et al.,
2014; Nast et al., 2014) and studies with more recent technology (Neitzel et al., 2015; Murphy
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and King, 2016) have shown significant (up to 15 dB) error in in app-reported sound levels
compared to measurements from professional (calibrated) SLMs or dosimeters meeting specific
standards. An app’s measurement accuracy can be improved by calibrating the phone’s built-in
microphone with a known noise level. An even more accurate approach is to use an external
microphone coupled to the phone (Roberts et al., 2016; Kardous and Shaw, 2016); however, the
willingness of a typical smartphone user to obtain, calibrate, and use an external microphone at
a recreational event can be an issue. Refinement of SLM apps and calibration protocols is
needed before apps can reliably provide consistent, accurate sound level measurements.

Hearing Protection Devices

Hearing protection devices (HPDs) are readily available. With respect to their noise attenuation
for music listening they can be divided into two main categories: 1) products designed to
maximize sound attenuation (i.e. “conventional” attenuation), and 2) products designed to
allow a better listening experience by providing a relatively uniform level of noise reduction
across frequencies with appropriate attenuation as a target, instead of maximum attenuation as
the goal. Hearing protectors of the first type, such as roll-down foam earplugs, conventional
premolded earplugs, and conventional earmuffs can be effective when worn correctly. Used
primarily in noisy work environments, they are expected to be worn for an entire work shift and
are generally low in cost. When listening to music, users typically find that these HPDs do not
maintain music fidelity because they tend to attenuate high-frequency sounds more than low-
frequency sounds, like wearing color-tinted sunglasses instead of neutral gray lenses. They also
usually provide more noise reduction than is necessary.

Hearing protectors of the second type, namely the uniform-attenuation earplugs, are designed
to allow for better enjoyment of music by reducing sound levels while maintaining the original
fidelity of the music. The sound quality is preserved by providing a more equal noise reduction
across the entire range of the musical spectrum, but these types of products generally have
lower overall attenuation than conventional earplugs. Uniform-attenuation earplugs have been
shown to improve music appreciation (Beach et al., 2010; Bockstael et al., 2015). Such earplugs
are commercially available in generic-fit models, as well as custom-fit models. Custom-fit
uniform-attenuation earplugs are more expensive than generic fit devices, but may offer higher
comfort, improved sound quality, and reduced variability in the amount of attenuation from one
insertion to the next. Verification of custom-fit HPDs should also be considered. Training the
correct insertion of custom-fit HPDs improves achieved attenuation and decreases variability
from insertion to insertion (Tufts et al., 2013). Active (electronic) earplugs are also available;
these have the advantage of a more transparent response when sound levels are safe, and only
provide attenuation when protection is needed. However, at high sound levels when the
electronics shut down for protection of the wearer, they will sound a little different from the
non-electronic uniform-attenuation devices.

The overall amount of attenuation should be appropriate for the sound exposure level. In an
occupational setting, the goal of HPD use is to reduce exposure such that it does not exceed
100% of the daily permitted exposure. Earplugs are selected based on the Noise Reduction
Rating (NRR) that is printed on the package. The achieved attenuation in practice is typically less
than the NRR that is based on optimized testing in a laboratory. Therefore it is often
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recommend that NRRs be derated by anywhere from 20-50% (Berger, 2003). When listening to
music, an earplug with a lower NRR is sometimes more acceptable to the end user. Given a
choice, an earplug with a lower NRR - used consistently and correctly - is more effective than an
earplug with a higher NRR if it is deemed unacceptable and removed during the recreational
event. Both physical fit and actual use of the HPDs are critical to overall effectiveness in
reducing risk of hearing loss. Verification of individual fit (i.e., individual achieved attenuation)
for hearing protection is helpful in demonstrating HPD effectiveness to a user.

Conclusion

There is increased risk for MIHD from unregulated music exposures, such as PAS devices,
concerts, dance clubs, and fitness facilities. Music listeners must make safe listening decisions to
reduce the risk of permanent MIHDs from significant (unprotected) sound overexposure.
Individuals who experience tinnitus, aural fullness, or a decrease in hearing following
recreational sound exposure have likely experienced greater than 100% of their daily
allowable noise dose. These individuals should reduce their recreational sound exposure and
have their hearing evaluated by an audiologist. Based on data showing the earliest changes
may accrue at frequencies above the standard range that extends to only 8000 Hz, we advocate
that monitoring for the purposes of hearing loss prevention should also include the audiometric
frequencies extending up to 20,000 Hz when feasible.

Overall, NHCA recommends the following:

e Be aware of your music exposure, including the level of sound you are exposed to and
how long you are exposed to it. Remember that sound exposures are cumulative
throughout the day, and injury from excessive sound exposures is cumulative over one’s
lifetime.

® For PAS users listening with earbuds, remember the 80/90 rule: You can listen at 80% of
the maximum volume for 90 minutes per day; increased volume results in lower
permissible listening time, decreased volume results in longer permissible listening time.

e If you are using typical earbuds that provide little noise reduction, and someone at
arm’s length has to shout for you to understand them, then your sound exposure level
may be at or above 85 dBA and you should limit your listening time.

e Decrease music exposure by:

o Reducing sound levels when possible

o Increasing your distance from the music source

o Using hearing protection
Always use the right size and right kind of HPD for you and your listening environment.
When using hearing protection, ensure that it is properly fit in your ears. Fit testing and
verification of attenuation can help ensure that hearing protection is worn properly.



These guidelines provide recommendations for safer participation in recreational music
exposures by means of current technology and knowledge. Further refinement and modification
of this document is anticipated as new knowledge and technology become available.
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